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The effects of enhanced Z penguins on lepton polarizations va. B ^ Xg 
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The sensitivity of the B nK mode to electro-weak penguins and the recent experimental data 
for the B — > 1111,11 K modes has given rise to what is known as the "B — » irK puzzle". Recently it 
has been observed that this puzzle can be resolved by considering the new physics which can enter 
via penguins. In this note we analyze the effect of this enhanced Z° penguins on the lepton 
polarization asymmetries of fo ^ st^t~ . 

PACS numbers: 13.20He,12.60,-i,13.88+e 



Recent observations of the _B-meson decay into two 
pseudo-scalar mesons have presented some significant de- 
viations from the currently available theoretical predic- 
tions pointed out in and recently reemphasized in 
H S E I3- The decay into TTTT channels can be rea- 
sonably well described with the theoretical framework of 
the effective Hamiltonian j5|, although the naive factor- 
ization used in this context fails to describe the process 
and calculations involving non-factorizable contributions 
which had to be included to yield results in general agree- 
ment with data. Extensions of these results using SU (3) 
symmetries for decays into -kK channels, however, show 
considerable disagreement with experimental values. It 
has also been shown I3| that the results of decays into ttK 
channels can be understood on the basis of an enhanced 
penguin diagram together with a large phase. This 
may be the first indication of physics beyond the Stan- 
dard Model (SM) since the phase of the accepted values 
of the CKM matrix cannot reproduce such a large phase 
in the penguin diagram. 

The possibility of strongly enhanced Z-penguin contri- 
butions was carried in relation to if ^ i:uD and K — > t:U 
decays for the first time in |^ and in where constraints 
on these contributions imposed by the CP-violating ratio 
(e'/e) was investigated in a general class of SUSY mod- 
els in 0. The possibility of non-standard Z couplings 
in the context of 6 ^ sU transitions was studied in [9j. 
However, the authors of 0] were the first to relate pos- 
sible enhancement of the Z-penguin to the non-leptonic 
decay modes involved in the"-B — > Trii'" puzzle and were 
able to obtain definitive phenomenological values of the 
magnitude and phase of Z-penguins consistent with the 
B — > TTTT, Trif data. The estimates of the magnitude and 
phase of the Z° penguin required to fit the tttt and ttK 



data, which have been made in |5j , are purely on a phe- 
nomenological basis. On the theoretical side such an en- 
hancement of the penguins can be accommodated within 
the supersymmetric extensions of the SM, the Minimal 
Supersymmetric Standard Model (MSSM) in particular. 
The fiavour rotation of the squarks is different in such 
theories from the corresponding flavour rotation of the 
quarks, and this mismatch becomes the source of an 
additional phase in flavour changing amplitudes. Any 
attempts to fit the evaluated value of the Z^ penguins 
with theory, however, is hopeless, since the parameters 
involved in estimating the resultant phase, which are es- 
sentially the off-diagonal elements of the squark mass ma- 
trix, are not known 'IOI. Irrespective of this the occur- 
rence of a phase (other than the CKM phase) in the 
penguin is a signal for a new source of CP- violation, and 
has wider implications. 

The basic vertex involved in the analysis of is the 
hsZ vertex. This vertex now having a phase beyond the 
CKM one, will result in CP-violation in semi-leptonic de- 
cays of the i3- meson, such as i? ^ Xst^t~ ■ As is well 
known, due to the smallness of the coupling between h 
and u, the b — > st^l!.~ amplitude effectively has an over- 
all CKM phase. Therefore both in the SM and in su- 
persymmetric extensions, with only the CKM phase, in- 
formation regarding the phase cannot be extracted from 
any results involving this transition. As such we shall 
point out in this brief note that with an effectively com- 
plex hsZ'^ vertex the situation changes. In particular, we 
show that possible measurements of polarization asym- 
metries in the leptons, from the process B — > Xsi^t~ , 
will provide a testing ground for the confirmation of the 
new phase and a measurement of the magnitude of the 
hsZ'^ vertex, as marked out in fsj. 



The effective Hamiltonian for the b 
be written as 
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where q is the momentum transferred to the lepton pair, 
given as g = p_ (where p_ and p+ are the momenta 
of leptons and respectively), Vibl^* are the CKM 
factors and Pl,r = (lT75)/2- The Wilson coefficients Q 
are evaluated at the electroweak scale and then evolved 
to the renormalization scale fi. For our analysis with the 
SM we choose a value for C^'^'^ and Cio as: 



eff _ 



0.315 , Cio = -4.642. 



The coefficient Cg'^^ is complex within the SM model and 



is a function of s {— q^/rn^ 
where its value is given in \V. 



) in next-to-leading order, 
ilH: 
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C^{ll)+Y{pL,s) 
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where Y{^^ s) has the one-loop contributions of the four 
quark operators, as given in Cg^^ also has a contri- 
bution from long distance effects associated with the real 
cc resonances, where these are taken care of by using the 
prescription given in [3 ^| ■ 

From the expression of the matrix element given in 
eqn.(^) we calculate the dilepton invariant mass distri- 
bution as: 



dV _ 
ds 

where 

A = 4 
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Re{C'g"*C^"). (4) 



To define the polarized branching ratio and then the 
polarization asymmetries we will use the convention fol- 
lowed in earlier references, such as For the eval- 
uation of the polarized decay rates we introduce spin pro- 
jection operators, defined as = (1+75 J^x)/'^ ^'^'^ 
M = (1-^75 ^^)/2 for where a; = L, iV, T correspond 
to the longitudinal, normal and transverse polarizations 
respectively. The orthogonal unit vectors Sx for £^ and 
Wx for in the rest frames of respective leptons are 
defined as: 
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FIG. 1: Longitudinal polarization asymmetry ("P^ " 
dilepton invariant mass (J) 
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where p_, p+ and pg are respectively the three momenta 
of £~ , and the s-quark in the dileptonic cm. frame. 
Note that the above polarization vectors are defined in 
the rest frames of the leptons. We now boost these to the 
dileptonic cm. frame. Only longitudinal vectors which 
lie along the boost will be boosted becoming: 
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where Ee is the energy of either lepton (where both lep- 
tons have the same energy in the dileptonic cm. frame). 

The polarization asymmetries for are defined by the 
equation 



VxiS) 



dr{n = e^)/ds - dr(n 
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FIG. 2: Normal polarization asymmetry (Vj^) with dilepton FIG. 3: Transverse polarization asymmetry (7-*^) with dilep- 
invariant mass (s) ton invariant mass (s) 



The corresponding asymmetries for have expressions 
which are identical to those above (apart from an overall 
negative sign for Vl and Vn), except for Vt where the 
sign of the last two terms is changed. 

In order to fit the data for B ttK it was proposed 
that the Z° penguin has a large phase (5|- This fitting 
was modelled by Buras et al. which effectively makes the 
Wilson coefficient Cio a complex valued: 



C 
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-(2.2/ sin^ e^)e'' 



103 , 



which not only has a large phase but also a magnitude 
more then twice the SM expectation. 

In figures CO"® we show our results for the various 
polarization asymmetries both within the SM and for 
the enhanced value of the Z'^ penguin, as modelled in 
ean. (|12|l . As can be seen the results dramatically change 
with the new value of the coefficient Cio, as compared 
with the results obtained in the SM and the MSSM. Mea- 
surement of these polarization asymmetries would thus 
provide a direct test of the validity of the model in for 
enhanced and complex values of the bsZ vertex. In table 
l^we have given the averaged values of these asymmetries. 
The averaging procedure which we have adopted is:^ 
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J(3. 



(3.646+0.02)2/m; 



rx X —as 
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As can see from the graphs in figures Q-© a complex 
value of the bsZ vertex gives the longitudinal and trans- 
verse polarizations a decreased value as compared to their 



^ in the averaging we have integrated the observables over s in 
the region which is after the first charmonium resonance in the 
b — > sr+T" process. 



SM values, however, the normal asymmetry shows a sub- 
stantial increase from its respective SM value. This can 
also be seen from the averaged values of these asymme- 
tries given in Table Vn not only changes its sign as 
compared to its SM value but also its magnitude increases 
by more than 100%. 

It is clear that future measurements of the enhanced 
normal polarization asymmetry would be the more suit- 
able testing ground for the validity of a complex bsZ 
vertex. 



Model 


BR xlO^ 


-Pl 


-Pn 


-Pt 


SM 


2.39 


- 0.37 


- 0.04 


- 0.58 


enhanced bsZ 


6.12 


-0.04 


0.1 


- 0.13 



TABLE I: Predictions of the observables where BR is the 
branching ratio of B ^ XsT^t~ 

We would like to make a few further observations. The 
polarization asymmetries for £~ in the CP conjugated 
process b — > s£~i~^ can be obtained from eans.l|^- l(TT|) 
by conjugating all the weak phases whilst at the same 
time retaining the strong phases contained in Cg^'^ . If 
we call the polarization asymmetry of £~ in the conju- 
gate process to be V then in the SM we can derive several 
relations, such as Pl = Vl and Vn = Vn\ these types of 
relations are definitely violated if we have a large phase 
in Cio, which, as in ean. (|12|l . makes it dominantly imag- 
inary. 

Atwood and Hiller have also recently obtained an 
effectively enhanced bsZ vertex. Their vertex includes a 
right handed coupling. The non-zero phase obtained in 
j5j is however quite rigid and a similar fit to the available 
data, where a right handed vertex also is included, has 
not been obtained. 

For the decay B Xdl^l^ the SM provides a rela- 
tive phase between the various contributing terms, and 
a dominantly imaginary value of Cio would cause sub- 
stantial interference between the CKM phases and the 
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new bsZ phase. Our estimates of the polarization can 
easily be generalized to this case, however, this decay is 
expected to be much weaker than the one considered here 
and we do not present the results for this mode in this 
note. 

Finally, the recently published data on CP asymme- 
tries in the decay B ipKs iWLiul which has attracted 
a lot of theoretical attention in particular that of 
Deshpande and Ghosh where they have considered 
a model with extra down quarks and complex couplings, 
obtaining bounds on the effective complex coupling pa- 
rameters of the Z-penguin graphs in the light of the data 
on i3 — > (j)Ks [IGL \u\ . In the type of analysis that forrns 
the basis of our polarization calculation, Buras et al.'i^ 
have considered in detail the status of the effective pen- 
guin parameters obtained by them in relation to the data 
on CP asymmetries in i? ^ <pKs. The net result is that 
from the parameters obtained by them and used by us, 
a value of sin 2/3 in the decay B — > (j>Ks of the order 
+1, may well be possible. The experimental data has 
lar ge u ncertainties with a value for this parameter given 
as 111 [13 

BaBar : + 0.45 ± 0.43 ± 0.07 

and 

Belle : -0.96 ± O.SOiJJ ??. 



There is thus considerable disagreement between the av- 
erage value of the results of these two groups and the the- 
oretical result quoted above. However as observed in 
the error bars are too large for any definitive conclusion 
to be made. The data of the two groups also has large dif- 
ferences. There are also theoretical possibilities specific 
to the transition b — > sss, such as a Higgs meditated am- 
plitude in SUSY models with large tan(3 (considered by 
Kane et al.^^) making it difficult to assess definitively 
the disagreement between the predicted and the exper- 
imental result for B — (pKg- The scenario will become 
clearer as more accurate experimental numbers become 
available. Our results on the possibilities of polarization 
results to study CP violation provide another parameter 
for comparison when such results become available. 
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